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Abstract
We study the consequences of timelike and spaccelike conformal
Ricci and conformal matter collineations for anisotropic fluid in the
context of General Relativity. Necessary and sufficient conditions are
derived for a spacetime with anisotropic fluid to admit conformal Ricci
and conformal matter collineations parallel to ua and xa. These condi-
tions for timelike and spacelike conformal Ricci and conformal matter
collineations for anisotropic fluid reduce to the conditions of perfect
fluid when the heat flux and the traceless anisotropic stress tensor
vanish. Further, for α = 0 (the conformal factor), we recover the ear-
lier results of Ricci collineations and matter collineations in each case
of timelike and spacelike conformal Ricci collineations and conformal
matter collineations for the perfect fluid. Thus our results give the
generalization of the results already available in the literature. It is
worth noticing that the conditions of conformal matter collineations
can be derived from the conditions of conformal Ricci collineations or
vice versa under certain constraints.
Keywords: Conformal collineations, Anisotropic fluid.
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1 Introduction
In General Relativity (GR), symmetries are used to understand the natu-
ral relationship between geometry and matter given by the Einstein field
equations (EFEs). Symmetric system has not only the advantage of certain
simplicity or even beauty but also special physical effects frequently occur.
The symmetries are important in the classification of spacetime. Symmetries
of geometrical/physical quantities are known as collineations. A symmetry
(collineation) is defined by a relation
£ξφ = A,
where £ is the Lie derivative operator, ξ is the symmetry or collineation
vector, φ is any of the quantities gab, R
a
bcd, Rab, Γ
a
bc, Tab and geometric
objects constructed from them, A is a tensor with the same symmetries as φ.
When φab = gab and Aab = 2αgab, the symmetry vector ξ is called conformal
Killing vector (CKV) and specializes to KV when α = 0. When φab = Rab
and Aab = αRab, the symmetry vector ξ is called conformal Ricci collineation
(CRC) or Ricci inheritance collineation and specializes to Ricci collineation
(RC) for α = 0.
£ξRab = αRab. (1.1 )
When φab = Tab and Aab = αTab, where Tab is the energy momentum ten-
sor, the vector ξ is called conformal matter collineation (CMC) or matter
inheritance collineation and becomes matter collineation (MC) when α = 0.
£ξTab = αTab. (1.2 )
The function α in the case of CKVs is called conformal factor and in the case
of conformal or inheriting collineations the conformal or inheriting factor. It
is mentioned here that we are using the term conformal Ricci or conformal
matter collineation instead of Ricci or matter inheritance collineation.
The study of inheritance symmetries with CRC and CMC in fluid space-
times has recently attracted some interest. Oliver and Davis, [1,2] gave nec-
essary and sufficient conditions for a matter spacetime to admit an RC.
Letelier [3] discussed anisotropic fluids with two perfect fluid component.
Herrera and Ponce [4-6] studied CKVs with particular reference to perfect
and anisotropic fluids with different combination of fluids. Maartens et al.
[7] made a study of SCKVs in anisotropic fluid. Carot et al. [8] investigated
spacetime with CKVs. Coley and Tupper [9] studied spacetimes admitting
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SCKV and symmetry inheritance. Duggal [10,11] discussed curvature inher-
itance symmetry and timelike CRC in perfect fluid spacetime. The theory of
spacelike congruence in GR was first formulated by Greenberg [12] who dis-
covered its application to the vortex congruences in a rotational fluid. This
was developed further and applications to spacelike CKVs in spacelike con-
greuence were considered by Mason and Tsamparlis [13]. Yavuz and Yilmaz
[14] and Yilma et al. [15] considered CKVs and SCKVs and worked on the
conformal curvature symmetry in string cosmology. Yilmaz [16] also studied
timelike and spacelike collineations in string cloud.
Tsamparlis and Mason [17] investigated RCs in fluid spacetimes (perfect,
imperfect and anisotropic fluids). Tsamparlis [18] discussed the conditions
on the kinematic quantities of the congurence of the vector field generating
the collineation. Baysal and Yilmaz [19] worked on spacelike conformal Ricci
collineation (SpCRC) in a model of string fluid and string stress tensor. The
same authors [20] also studied timelike and SpRCs in the model of string fluid.
Sariddakis and Tsamparlis [21] discussed the applications for SpCKV and
matter described either by perfect fluid or by an anisotropic fluid. Recently,
Tsamparlis [22] discussed general symmetries of string fluid spacetime. In a
recent paper, Sharif and Umber [23] have investigated timelike and SpCMC in
specific forms of the energy-momentum tensor. They discussed the necessary
and sufficient conditions for a vector to be timelike and spacelike admitting
CMC.
The main purpose of such kind of work is the simplification of the EFEs
to find the exact solutions. We describe the geometrization of a symmetry in
terms of necessary and sufficient conditions on the geometry of the integral
lines of the vector field that generates the symmetry. This enables us to
express symmetry in a form which is convenient to the simplification of the
field equations in a direct and inherent way. The symmetry can be studied in
most convenient way if we take the Lie derivative of the field equations with
respect to the vector ua or ξa that generates the symmetry. This yields an
expression such that the left hand side contains the Lie derivative of the Ricci
tensor and the right hand side has the Lie derivative of the energy-momentum
tensor. Consequently, we have the field equations as Lie derivatives along the
symmetry vector of the dynamical variables.
In this paper, we shall elaborate the necessary and sufficient conditions for
the existence of timelike and spacelike CRC and CMC for anisotropic fluid.
The layout of the paper is the following. In section 2, we review the 1+1+2
decomposition and consider the decomposition of the quantities which will be
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used in later sections. In section 3, we investigate the kinematic conditions
for timelike and spacelike CRCs and CMCs. Section 4 is devoted to derive
the necessary and sufficient conditions for anisotropic fluid spacetime which
admit CRCs. In section 5, we derive these conditions for anisotropic fluid
spacetime which admit CMCs. Finally, section 6 contains summary and
discussion of the results.
2 Notation
Let us consider a spacelike four position vector xa and the corresponding unit
timelike four-velocity vector ua. Both the vectors are perpendicular to each
other satisfying the relations given as follows
uaua = −1, u
axa = 0, x
axa = 1. (2.1 )
The kinematical quantities σab, ωab, u˙a and θ are defined [24] as
u˙a = ua;nu
n =
Dua
Dτ
, (2.2 )
ωab = u[a;b] + u˙[aub], (2.3 )
σab = u(a;b) + u˙(aub) −
θ
3
hab, (2.4 )
θ = ua;a. (2.5 )
Using these quantities, the covariant differentiation of the four-vector velocity
can be written in 1 + 3 decomposition as follows
ua;b = ωab + σab +
θ
3
hab − u˙aub. (2.6 )
The projection tensor, hab = gab + uaub, has the following properties:
hcdxc = x
d, hcduc = 0, h
d
ch
b
d = h
b
c, hcd = hdc, h
c
c = 3. (2.7 )
If we use ξa = ξua, the conformal Ricci and matter symmetries, respectively,
can be re-written as
R˙ab + 2u
cRc(alnξ,b) + 2Rc(au
c
;b) = βRab, (2.8 )
T˙ab + 2u
cTc(alnξ,b) + 2Tc(au
c
;b) = βTab, (2.9 )
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where β = α
ξ
. We define the screen projection operator normal to both ua
and xa as
Hab = hab − xaxb
which obeys the following properties:
Habu
a = 0 = Habx
a, Habh
b
c = Hac, H
a
a = 2.
The 1 + 1 + 2 decomposition of xa;b can be given as follows [25]
xa;b = Aab + x
∗
axb − x˙aub + ua[x
tut;b + (x
f u˙f)ub − (x
fu∗f)xb], (2.10 )
where s∗ = s...;ax
a and Aab = H
c
aH
d
b xc;d. The decomposition of Aab into its
irreducible parts is
Aab = Sab +Bab +
1
2
εHab, (2.11 )
where Sab = Sba, S
b
b = 0 is the traceless part (shear tensor), Bab = −Bab
is the antisymmetric part (rotation tensor) and ε is the trace (expansion).
These quantities are given as
Sab = (H
c
aH
d
b −
1
2
HcdHab)x(c;d), Bab = H
c
aH
d
b x[c;d], ε = H
cdxc;d. (2.12 )
We can write the square bracket term in Eq.(2.10) as
−Nb + 2wfbx
f +Hfb x˙f , (2.13 )
where Na is given by
Na = H
b
a(x˙b − u
∗
b). (2.14 )
This is called Greenberg vector [25]. Using Eq.(2.13) in Eq.(2.10), it follows
that
xa;b = Aab + x
∗
axb − x˙aub +H
c
b x˙cua + (2wtbx
t −Nb)ua. (2.15 )
Also, we have
xfuf ;b = 2x
fu[f ;b] + u
∗
b = −2ωbfx
f − (xf u˙
f)ub + u
∗
b . (2.16 )
When ξa = ξxa, the conformal Ricci and conformal matter symmetries can
be written as
R∗ab + 2x
cRc(a ln ξ,b) + 2Rc(ax
c
;b) = βRab, (2.17 )
T ∗ab + 2x
cTc(a ln ξ,b) + 2Tc(ax
c
;b) = βTab. (2.18 )
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where β = α
ξ
.
The energy-momentum tensor of anisotropic fluid is given by [24]
Tab = ρuaub + phab + 2q(aub) + piab, (2.19 )
where ρ is the total energy density, p denotes the isotropic pressure, qa is
the heat flux vector and piab is the traceless anisotropic stress tensor. The
quantities ua, qa and piab satisfy the following relations:
uaqa = 0, piabu
a = 0, piaa = 0.
Using the Einstein field equations
Rab −
1
2
Rgab + Λgab = Tab,
where Λ is a cosmological constant, the Ricci tensor of anisotropic fluid can
be written as
Rab = (ρ+ p)uaub ++
1
2
(ρ− p + 2Λ)gab + 2q(aub) + piab. (2.20 )
3 Timelike and Spacelike Conformal Ricci
Collineations
This section is devoted to prove the necessary and sufficient conditions for
the existence of timelike and spacelike CRC in the model of anisotropic fluid.
In addition, we shall give the conditions for the existence of timelike and
spacelike CRC in the form of kinematical quantities.
Proposition 1:
Anisotropic fluid spacetime with Ricci tensor, given by Eq.(2.20), admits a
timelike CRC ξa = ξua if and only if
ρ˙ + 3p˙+ 2(ρ+ 3p− 2Λ)(ln ξ)˙ = β(ρ+ 3p− 2Λ), (3.1 )
(ρ + 3p− 2Λ)[u˙a − (ln ξ),a − (ln ξ)˙ua] + 2q˙a + 2qa(ln ξ)˙
+ 2q˙bu
bua + 2q
bωab + 2q
bσab +
2
3
θqa = 2βqa, (3.2 )
ρ˙ − p˙+
2
3
(ρ− p+ 2Λ)θ +
4
3
u˙fq
f −
4
3
qf (ln ξ), f +
4
3
pibfσfb
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= β(ρ− p+ 2Λ), (3.3 )
(ρ − p+ 2Λ)σab + 2q(au˙b) −
2
3
qf u˙fhab − 2q(a(ln ξ),b) − 2u(aqb)(ln ξ)˙
+
2
3
θpiab +
2
3
habq
f (ln ξ),f + p˙iab + 2p˙if(aub)u
f + 2pif(aω
f
b) + 2pif(aσ
f
b)
+ 2pif(aσ
f
b) −
2
3
habpi
cdσcd = βpiab. (3.4 )
Proof:
First we assume that timelike CRC exists in this spacetime and prove that
the conditions given by Eqs.(3.1)-(3.4) are satisfied.
When we substitute the value of Ricci tensor for anisotropic fluid from
Eq.(2.20) in Eq.(2.8), we have
(ρ + p)˙uaub + 2(ρ+ p)u(au˙b) +
1
2
(ρ− p)˙gab + 2q(au˙b) + 2q˙(aub)
+ p˙iab − (ρ+ 3p− 2Λ)u(a(lnξ),b) − 2q(a(ln ξ),b) + (ρ− p+ 2Λ)u(a;b)
+ 2qfu(au
f
;b) + 2pif(au
f
;b) = β[(ρ+ p)uaub +
1
2
(ρ− p+ 2Λ)gab
+ 2q(aub) + piab].
Using 1 + 3 decomposition of ua;b, the above expression can be written as
[
1
2
(ρ˙ + 3p˙) + (ρ+ 3p− 2Λ)(ln ξ)˙]uaub + [(ρ+ 3p− 2Λ)(u˙c − (ln ξ),c)
+ 2(ln ξ)˙qc + 2q˙c + 2q
f(σfc + ωfc +
1
3
θhfc)]u(ah
c
b) + {
1
2
(ρ− p)˙hcd
+ (ρ− p+ 2Λ)(σcd +
1
3
θhcd) + p˙icd +
2
3
θpicd + 2q(c[u˙d) − (ln ξ),d)]
+ 2pi(fc[ω
f
d) + σ
f
d)]}h
c
ah
d
b = β[
1
2
(ρ+ 3p− 2Λ)uaub +
1
2
(ρ− p+ 2Λ)hab
+ 2q(aub) + piab]. (3.5 )
Contracting Eq.(3.5) in turn with uaub, uahbc, h
ab and hach
b
d −
1
3
habhcd, we
obtain
ρ˙ + 3p˙+ 2(ρ+ 3p− 2Λ)(ln ξ)˙ = β(ρ+ 3p− 2Λ), (3.6 )
(ρ + 3p− 2Λ)hbc[u˙b − (ln ξ),b] + 2q˙c + 2q˙fu
fuc
+ 2(ln ξ)˙qc + 2q
fωfc + 2q
fσfc +
2
3
qcθ = βqc, (3.7 )
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3ρ˙ − 3p˙+ 2(ρ− p+ 2Λ)θ + 4u˙fq
f − 4qf(ln ξ), f
+ 4pibfσfb = 3β(ρ− p+ 2Λ), (3.8 )
(hach
b
d −
1
3
habhcd)[(ρ− p+ 2Λ)σab + 2q(au˙b) + p˙iab
− 2q(a(ln ξ),b) + 2pif(aω
f
b) + 2pif(aσ
f
b) +
2
3
θpiab]
= β[hach
b
d −
1
3
habhcd]piab. (3.9 )
Since
(hach
b
d −
1
3
habhcd)σab = σcd,
(hach
b
d −
1
3
habhcd)(qau˙b + qbu˙a) = 2q(cu˙d) −
2
3
qbu˙bhcd,
(hach
b
d −
1
3
habhcd)p˙iab = p˙icd + 2p˙ib(cud)u
b,
(hach
b
d −
1
3
habhcd)(pifaω
f
b + pifbω
f
a ) = 2pif(cω
f
d),
(hach
b
d −
1
3
habhcd)(pifaσ
f
b + pifbσ
f
a ) = 2pif(cσ
f
d) −
2
3
hcdpi
abσab,
(hach
b
d −
1
3
habhcd)(qa(ln ξ),b + qb(ln ξ),a) = 2q(c(ln ξ),d) + 2u(cqd)(ln ξ)˙
−
2
3
hcdq
b(ln ξ),b,
(hach
b
d −
1
3
habhcd)piab = picd.
Substituting these values in Eq.(3.9), it follows that
(ρ − p+ 2Λ)σcd + 2q(cu˙d) −
2
3
qbu˙bhcd + p˙icd + 2p˙ia(cud)u
a
− 2q(c(ln ξ),d) − 2u(cqd)(ln ξ)˙ +
2
3
hcdq
b(ln ξ),b + 2pif(cω
f
d)
+ 2pif(cσ
f
d) −
2
3
hcdpi
abσab +
2
3
θpicd = βpicd. (3.10 )
(i) Eq.(3.6) is the same as Eq.(3.1).
(ii) Eq.(3.2) is obtained by expanding hbc in Eq.(3.7).
(iii) Eq.(3.8) is the same as Eq.(3.3).
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(iv) Eq.(3.10) gives the condition (3.4).
Now we shall show that if the conditions (3.1)-(3.4) are satisfied, then there
exists a timelike CRC in anisotropic fluid spacetime. For this purpose, we
consider the left hand side of Eq.(3.5), i.e.,
[
1
2
(ρ˙ + 3p˙) + (ρ+ 3p− 2Λ)(ln ξ)˙]uaub + [(ρ+ 3p− 2Λ)(u˙c −
(ln ξ),c) + 2(ln ξ)˙qc + 2q˙c + 2q
f(σfc + ωfc +
1
3
θhfc)]u(ah
c
b) +
1
2
(ρ − p)˙hcd + (ρ− p+ 2Λ)(σcd +
1
3
θhcd) + p˙icd +
2
3
θpicd
+ 2q(c[u˙d) − (ln ξ),d)] + 2pi(fc[ω
f
d) + σ
f
d)]h
c
ah
d
b .
Now we make use of Eqs.(3.1)-(3.3) in the above expression so that
(ρ − p+ 2Λ)σab + 2q(au˙b) −
2
3
qf u˙fhab + p˙iab + 2p˙if(aub)u
f
− 2q(a(ln ξ),b) − 2u(aqb)(ln ξ)˙ +
2
3
habq
f(ln ξ),f + 2pif(aω
f
b)
+ 2pif(aσ
f
b) −
2
3
habpi
cdσcd +
2
3
θpiab + β[(ρ+ p)uaub
+
1
2
(ρ− p+ 2Λ)gab + 2q(aub)]. (3.11 )
Using Eq.(3.4), we finally obtain
β[
1
2
(ρ+ 3p− 2Λ)uaub +
1
2
(ρ− p+ 2Λ)hab + 2q(aub) + piab].
This is equal to the right hand side of Eq.(3.5). Hence the conditions (3.1)-
(3.4) are necessary and sufficient for anisotropic fluid spacetime to admit a
timelike CRC.
Proposition 2:
Anisotropic fluid with Ricci tensor, given by Eq.(2.20), admits a SpCRC
ξa = ξxa if and only if
(ρ + 3p)∗ + 2(ρ+ 3p− 2Λ)xau˙
a − 4qax
a(ln ξ)˙− 4qaNa
+ 4qax
au∗dx
d = β(ρ+ 3p− 2Λ), (3.12 )
(ρ − p+ 2Λ)[x∗a + (ln ξ),a − (ln ξ)
∗xa] + 2(piabx
b)∗ − 2pi∗cdx
cxdxa
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+ 2picdx
cxd(ln ξ),a − 4picdx
cxd(ln ξ)∗ + 2piabx
b(ln ξ)∗ + 2xbqb(ln ξ)
∗ua
− 2picdx
∗cxdxa − 2picdx˙
cxdua + 2xcu˙
cqdx
dua + 2pi
cdxdAac + 2q
cxdωadxc
= 2β[piabx
b − picdx
cxdxa + qbx
bua], (3.13 )
(ρ − p+ 2Λ)Na + 2(ρ+ 3p− 2Λ)ωabx
b + 2qax˙
bub − 2qcx
cx˙dudxa
− 2q∗a + 2q
∗
cx
cxa − 2q
∗
cu
cua + 2pi
∗
abu
b + 2picdu
∗cxdxa − 2qbx
b(ln ξ),a
− 2qbx
b(ln ξ)˙ua − 2qbx
b(ln ξ)∗xa + 2pibax
b(ln ξ)˙− 2picdx
cxd(ln ξ)˙xa
+ 2piabx˙
b − 2picdx
cx˙dxa − 2q
dAad = β(−qa + qbx
bxa), (3.14 )
(ρ − p+ 2Λ)[2(lnξ)∗ − ε] + 3pi∗cdx
cxd + 6piabx
bxa(ln ξ)∗ + 2piabx
∗bxa
− 2piabxa(ln ξ),b + 2x
aqbωab − 2pi
abAab = 3βpiabx
axb, (3.15 )
(ρ − p+ 2Λ)Sab + 2pic(aA
c
b) − 2pi
cdxdAc(axb) + 2x˙
cpic(aub) − 2Habpi
cdAcd
+ pi∗ab + 2u
cpi∗c(aub) − 2x
cpi∗c(axb) + pi
∗
cdx
cxdxaxb − 2pi
∗
cdx
cudx(aub)
+
1
2
Habpi
∗
cdx
cxd − 4xcq(aωb)c + 4x
cqdx
dx(aωb)c + 2Habωcdq
cxd
+ 2xcpic(a(ln ξ),b) − 2x
cxdpicd(ln ξ),(axb) + 2(ln ξ)˙pic(aub)x
c
− 2picdx
cxd(ln ξ)˙x(aub) − 2x
c(ln ξ)∗pic(axb) + 2x
cpicdx
d(ln ξ)∗xaxb
− Hab[xcpi
cd(ln ξ),d − picdx
cxd(ln ξ)∗] = β[piab − 2x
cpic(axb)
+ picdx
cxdxaxb +
1
2
Habpicdx
cxd]. (3.16 )
This can be proved on the same lines as Proposition 1.
4 Timelike and Spacelikle Conformal Matter
Collineations
In this section we shall state and prove the necessary and sufficient conditions
for the existence of timelike and spacelike CMC in the model of anisotropic
fluid.
Proposition 3:
Anisotropic fluid spacetime with the energy-momentum tensor, given by
Eq.(2.19), admits a timelike CMC ξa = ξua if and only if the following
conditions are satisfied.
ρ˙ + 2ρ(ln ξ)˙ = βρ, (4.1 )
ρ[u˙a − ((ln ξ),a − (ln ξ)˙ua] + q˙a + q˙fu
fua + (ln ξ)˙qa
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+ qfωfa + q
fσfa +
1
3
θqa = βqa, (4.2 )
p˙ +
2
3
pθ +
2
3
qau˙a −
2
3
qa(ln ξ),a +
2
3
piabσba = βp, (4.3 )
2pσab + 2q(au˙b) −
2
3
qf u˙fhab − 2q(a(ln ξ),b) − 2u(aqb)(ln ξ)˙ +
2
3
θpiab +
2
3
qf(ln ξ),fhab + p˙iab + 2p˙ic(aub)u
c + 2pif(aω
f
b)
+ 2pif(aσ
f
b) −
2
3
picfσ
f
c hab = βpiab. (4.4 )
Proof:
First we assume that timelike CMC exists in this spacetime and prove that
the conditions given by Eq.(4.1)-(4.4) are satisfied.
When we substitute value of the energy-momentum tensor for anisotropic
fluid from Eq.(2.19) in Eq.(2.9), we have
(ρ + p)˙uaub + 2(ρ+ p)u(au˙b) + p˙gab + 2q(au˙b) + 2q˙(aub) + p˙iab
− 2ρu(a(lnξ),b) − 2q(a(lnξ),b) + 2pu(a;b) + 2qfu(au
f
;b) + 2pif(au
f
;b)
= β[(ρ+ p)uaub + pgab + 2q(aub) + piab].
This implies that
[ρ˙ + 2ρ(ln ξ)˙]uaub + [2ρ(u˙c − (ln ξ),c) + 2q˙c + 2(ln ξ)˙qc
+ 2qf(σfc + ωfc +
1
3
θhfc)]u(ah
c
b) + {p˙hcd + 2p(σcd +
1
3
hcd)
+ p˙icd +
2
3
θpicd + 2q(c[u˙d) − (ln ξ),d] + 2pif(c[w
f
d) + σ
f
d)]}h
c
ah
d
b
= β[ρuaub + phab + 2q(aub) + piab]. (4.5 )
Contracting Eq.(4.5) in turn with uaub, uahbc h
ab and hach
b
d −
1
3
habhcd, we
obtain
ρ˙ + 2ρ(ln ξ)˙ = βρ, (4.6 )
ρhbc [ u˙b − (lnξ),b] + q˙c + (ln ξ)˙qc + q˙fu
fuc + qfω
f
c
+ qfσ
f
c +
1
3
θqc = βqc, (4.7 )
3p˙ + 2pθ + 2u˙fq
f − 2qf(ln ξ), f + 2pibfσfb = 3βp, (4.8 )
(hach
b
d −
1
3
habhcd)[2q(au˙b) + p˙iab − 2q(a(ln ξ),b) + 2pσab
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+2pif(aω
f
b) + 2pif(aσ
f
b) +
2
3
θpiab] = β(h
a
ch
b
d −
1
3
habhcd)piab. (4.9 )
Since
(hach
b
d −
1
3
habhcd)σab = σcd,
(hach
b
d −
1
3
habhcd)(qau˙b + qbu˙a) = 2q(cu˙d) −
2
3
qbu˙bhcd,
(hach
b
d −
1
3
habhcd)p˙iab = p˙icd + 2p˙ib(cud)u
b,
(hach
b
d −
1
3
habhcd)(pifaω
f
b + pifbω
f
a ) = 2pif(cω
f
d),
(hach
b
d −
1
3
habhcd)(pifaσ
f
b + pifbσ
f
a ) = 2pif(cσ
f
d) −
2
3
hcdpi
abσab,
(hach
b
d −
1
3
habhcd)(qa(ln ξ),b + qb(ln ξ),a) = 2q(c(ln ξ),d) + 2u(cqd)(ln ξ)˙
−
2
3
hcdq
b(ln ξ),b,
(hach
b
d −
1
3
habhcd)piab = picd.
Thus Eq.(4.9) takes the following form
2pσab + 2q(au˙b) −
2
3
qf u˙fhab − 2q(a(ln ξ),b) − 2u(aqb)(ln ξ)˙ +
2
3
θpiab
+
2
3
qf(ln ξ),fhab + p˙iab + 2p˙ic(aub)u
c + 2pif(aω
f
b) + 2pif(aσ
f
b)
−
2
3
picdσcdhab = βpiab. (4.10 )
(i) Eq.(4.6) is the same as Eq.(4.1).
(ii) Eq.(4.2) is obtained by expanding Eq.(4.7).
(iii) Dividing Eq.(4.8) by 3, we get the condition (4.3).
(iv) Condition (4.4) is the same as Eq.(4.10).
Conversely, if the conditions (4.1)-(4.4) are satisfied, then there must exist
a timelike CMC in an anisotropic fluid spacetime. For this purpose, we
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consider the left hand side of Eq.(4.5)
[ρ˙ + 2ρ(ln ξ)˙]uaub + [2ρ(u˙c − (ln ξ),c) + 2q˙c + 2q
f(σfc + ωfc
+
1
3
θhfc)]u(ah
c
b) + {p˙hcd + 2p(σcd +
1
3
hcd) + p˙icd +
2
3
θpicd
+ 2q(c[u˙d) − (ln ξ),d] + 2pif(c[w
f
d) + σ
f
d)]}h
c
ah
d
b .
Substituting the values from Eqs.(4.1)-(4.3) in the above expression, we ob-
tain
2pσab + 2q(au˙b) −
2
3
qf u˙fhab − 2q(a(ln ξ),b) − 2u(aqb)(ln ξ)˙
+
2
3
θpiab +
2
3
qf(ln ξ),fhab + p˙iab + 2p˙ic(aub)u
c + 2pif(aω
f
b)
+ 2pif(aσ
f
b) −
2
3
picdσcdhab + β[(ρ+ p)uaub +
1
2
(ρ− p+ 2Λ)gab
+ 2q(aub)]. (4.11 )
If we make use of Eq.(4.4), it follows that
β(ρuaub + phab + 2q(aub) + piab)
which is equal to the right hand side of Eq.(4.5). Hence the conditions (4.1)-
(4.5) are necessary and sufficient for anisotropic fluid spacetime to admit a
timelike CMC.
It is interesting to note that if we replace 1
2
(ρ + 3p − 2Λ) by ρ and
1
2
(ρ − p + 2Λ) by p in Eqs. (3.1) to (3.4) then we obtain Eqs.(4.1) to (4.4).
This means that we can determine CMC from CRC.
Proposition 4:
Anisotropic fluid with the energy-momentum tensor, given by Eq.(2.19), ad-
mits a SpCMC ξa = ξxa if and only if
ρ∗ + 2ρ(u˙cxc)− 2(q
cxc)(ln ξ)˙− 2(q
cNc) + 2q
cxcu
∗dxd = βρ, (4.12 )
p[x∗a + (ln ξ),a − (ln ξ)
∗xa] + (piabx
b)∗ − pi∗cdx
cxdxa + picdx
cxd(ln ξ),a
− 2picdx
cxd(ln ξ)∗xa + pibax
b(ln ξ)∗ + xcqc(ln ξ)
∗ua − picdx
∗cxdxa
− picdx˙
cxdua + xcu˙
bqdx
bua + pi
cdxdAac + qcx
dωcdua
= β[piabx
b − picdx
cxdxa + qbx
bua], (4.13 )
pNa + 2ρωabx
b + qax˙
bub − qbx
bx˙cucxa − q
∗
a + q
∗
cx
cxa + q
∗
bu
bua
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+ pi∗abu
b + picdu
∗cxdxa − qbx
b(ln ξ),a − qbx
b(ln ξ)˙ua − qbx
b(ln ξ)∗xa
+ piabx
b(ln ξ)˙− picdx
cxd(ln ξ)˙xa + piabx˙
b − picdx
cx˙dxa − q
bAcb
= β(−qa + qbx
bxa), (4.14 )
4p(ln ξ)∗ − 2pε+ 3pi∗abx
axb + 6piabx
bxa(ln ξ)∗ + 2piabx
ax∗b
− 2xapi
ba(ln ξ),b − 4xaq
bωab − 2pi
abAab = 3βpiabx
axb, (4.15 )
2pSab + 2pic(aA
c
b) − 2pi
cdxdAc(axb) + 2x˙
cpic(aub) − 2Habpi
cdAcd
+ pi∗ab + 2u
cpi∗c(aub) − 2x
cpi∗c(axb) + pi
∗
cdx
cxdxaxb − 2pi
∗
cdx
cudx(aub)
+
1
2
Habpi
∗
cdx
cxd − 4xcq(aωb)c + 4x
cqdx
dx(aωb)c + 2Habωcdq
cxd
+ 2xcpic(a(ln ξ),b) − 2x
cxdpicd(ln ξ),(axb) + 2(ln ξ)˙pic(aub)x
c
− 2picdx
cxd(ln ξ)˙x(aub) − 2x
c(ln ξ)∗pic(axb) + 2x
cpicdx
d(ln ξ)∗xaxb
− Hab[xcpi
cd(ln ξ),d − picdx
cxd(ln ξ)∗] = β[piab − 2x
cpic(axb)
+ picdx
cxdxaxb +
1
2
Habpicdx
cxd]. (4.16 )
The proof follows similarly as for Proposition 3.
5 Outlook
Physically, there is a close connection of inheriting CKVs with the relativistic
thermodynamics of fluids since for a distribution of massless particles in
equilibrium, the inverse temperature function is inheriting CKV. This paper
deals with the fundamental question of determining when the symmetries of
the geometry is inherited by all the source terms of a prescribed matter tensor
of EFEs. We have investigated timelike and spacelike CRCs and CMCs of
anisotropic fluid using a particular procedure.
We formulate conditions defining the CRCs and CMCs for anisotropic
fluid. It is mentioned here that when we take piab = 0 = qa in anisotropic
fluid, the conditions for timelike and spacelike CRC reduce to the conditions
of perfect fluid [25]. Also, for piab = 0, qa = 0, the conditions for timelike
and spacelike CMC reduce to the conditions of perfect fluid [23]. Further, for
α = 0, we obtain the conditions of RCs and MCs in each case of spacelike and
timelike CRCs and CMCs for the perfect fluid. This shows that our results
provide the generalization of the results already available in the literature. It
is worthwhile to note that if we replace 1
2
(ρ+3p−2Λ) by ρ and 1
2
(ρ−p+2Λ) by
14
p, then we can determine CMC from CRC. We have obtained the conditions
for the existence of CRCs and CMCs in the models of anisotropic fluid. These
conditions can be used as restriction for the EFEs. Since the non-linearity of
EFEs ceases to extract their exact solution, the restricted equations may give
interesting solution in respective spacetimes. It can be shown that a string
fluid is the simplest example of anisotropic fluid with vanishing heat flux.
It would be interesting to extend this procedure to the combination of two
perfect fluids. This work is in preparation [26] and will appear elsewhere.
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